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AFWL-TR-67-38 

ABSTRACT 

(Distribution Limitation Statement No.  2) 

This final report summarizes the engineering effort of Rock Island Arsenal to 
design a Universal Clip-in and associated equipment for the Air Force Weapons 
Laboratory  (AFWL),  to accommodate a variety of  types and sizes of stores. 
Systems components and the problems Inherent in designing them are described. 
Operating instructions are specified.    The RIA test program is outlined and 
the results and chief features of the device are presented.    This Universal 
Clip-In meets the Air Force requirements, and has been designated as the MHU 
79/C Clip-In Assembly. 
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SECTION I 

INTRODUCTION 

The logic that justified the introduction of clip-in suspensions 

came with the era of jet aircraft.    Aircraft  servicing time between 

flights was reduced drastically,  so that a prepackaged and prechecked 

set of stores for rapid transfer to the aircraft was highly desirable. 

This clip-in concept has undergone a continuous expansion in the 

last several years.    The design of the system furnished under the 

present contract with the Air Force Weapons Laboratory is an inverted 

"U" configuration, with a vertical row of stores attached to the 

inner sides of the legs of the "U."    By adding a removable middle leg, 

one or two additional rows of stores may be carried.    The components 

which support each store are adjustable vertically along the legs, 

thus adapting to various diameter stores.    The number in each 

vertical row varies from two to four.    This concept also requires 

telescoping sway brace arms to adapt to stores from 14 to 30 inches 

in diameter.    By  including the safety and checkout requirements appli- 

cable to nuclear weapons,  the nomenclature aptly becomes "Universal 

Clip-In." 

Considerable loading and ground handling equipment is necessary 

to permit full utilization of the clip-In.    There must be one piece 

of equipment for bringing individual bombs to the dip-in, with 

sufficient flexibility to mate the bomb  into the bomb rack.    The 

lower bombs extend partly below the legs of the clip-in, so that  it 

is desirable during loading to suspend the clip-in from an overhead 

PRECEDING 
PAGE BLANK 
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Height 

Width 

Length 

Weight 

Capacity 

*+ bombs 

6 bombs 

9 bombs 

12 bombs 

Weight of 2 center 

Bomb Racks 

Weight 

Lug Centers 

Capacity 

Sway Braces 

Weight 

Pad Centers 

Bomb Diameter 

Capacity 

SECTION in 

TABULATED DATA 

58.32  in. 

147.50  in. 

77-25  in. 

830 lbs w/o bomb racks or sway braces 
228)   lbs w/9 sets bomb racks fr sway 
braces 

22- to 30-inch diameter 
maximum weight ^500 lbs each 

20-inch diameter 
maximum weight 2500 lbs each 

|U- to 18-inch diameter 
maximum weight 2500 lbs each, 
center  leg required 

12-inch maximum diameter 
maximum weight  1200 lbs each 
no sway braces,  center  leg required 

legs        Il42 lbs 

68 lbs w/o bumper spring  (which are 
2.3  lbs/pair) 

Both  1^ and 30  inch 

^500 lb bomb at g loads of Spec 
MIL-A-859»   C 

93 lbs w/o bumper springs  (which are 
2-3 lbs/pair) 

20.75   inch 

1^- to 30-inch adjustable in k steps 

To match  the bomb racks 

II 



Adapter 

Height 15.25 In. 

Width 61.00 in. 

Length 107-00 in. 

Weight 1275 lbs. 

Capacity 20,000 lbs.   (proof load 6^,000 lbs) 

Requires maximum width setting of MHU-7/M trailer. 

Loading Stand 

Height 106.00 in. 

Width  (includin< 
bilizing 

1 sta- 
jacks) 268 in. 

Depth 99-25   in. 

Inside Width 158  in. 

Capacity 25,000 lbs. (proof load 32,000 lbs) 

Weight 1182 lbs. 

12 



SECTION H 

DETAILED DESCRIPTION & DISCUSSION OF  ITEMS 

I.    The clip-in body (Figure  I)   is a hollow wetdment fabricated 

mostly from 3/16  inch maraging steel   (200 grade).    Although  this steel 

is quite expensive  (approximately $3-00 per  lb in small   lots),   it  is 

well  suited for this application.    Design stress  in the curved portion 

of the  legs  is as high as  138,^00 psi     (See Appendix).      Ordinary steels 

quenched and tempered to take this stress will  have an  intolerable warp- 

age.    The maraging steel attained a hardness of approximate Rockwell  "C" 

52 with only a soaking treatment at 900°  F.  for 3 hours, after all 

machining was completed.    Uarpage was practically nil. 

During  load tests of the clip-in,  the legs deflected outward 

about k  inches   (2-inch deflection per  leg).    This   is the maximum that 

can be tolerated before interfering with the aircraft.     (Interference 

will occur first at a point 20 inches above the bottom of the legs, at 

the longeron supporting the catwalk).    A fit check in an aircraft dis- 

closed  that  there  is a space for a stiffener 2.5  inches wide on  the 

sloping surface of the leg as shown  in Figure  15.    This stiffener plus 

increased thickness  of metal,  can be incorporated on future models, and 

should  reduce the deflections by about 50 percent. 

The present model  of the clip-in was designed for four stores 

at ^500 lbs each    (See Calculations, Appendix).      These heavy stores 

were to allow for future weapon developments-    Recently the trend has been 

to lighter weapons,  so that 2500 lbs  is a more realistic value.     On this 

basis,  either with or without the stiffener mentioned above,  the deflec- 

tion is not  too serious a problem.    Also  it may be possible to change to 

13 
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Cross braces between the fore and aft legs have been provided 

(See Figure k).    The necessity of these wilt be determined by flight 

tests. 

Since the bomb racks and sway braces can be pinned In various 

locations as required, the pin holes in the leg channels (See Figure 2) 

have been numbered starting from the top. The correct combinations for 

the various size bombs are shown on Drawing 65F3315. 

This model of the clip-In has three optional positions of the 

center leg (See Figures 3 and 15). One of the side positions, the one 

used in Figure 3, (note "Forward" mark) interferes with the cable 

brackets on the MAU-6/A Rack, and should be eliminated. 

For dimensions and construction details, refer to Drawing 

65F3059. 

2.    The bomb racks   (Figure 5 and Drawing 65F3328) are 

a modification of the MAU-12/A racks developed by the Air Force.    The 

forced ejection feature was removed, the pivot trunnions added,  the 

"bombs away" indicating switches relocated,  the electrical connection 

and arming solenoid relocated, and interlocking slots for the sway 

braces added.    Unchanged are the "over-center" feature of locking the 

release linkage,  the use of propellent cartridges for operating the 

release linkage, and the safety interlocks and  Indicators. 

The trunnions and bearings were designed for the 4500 lb bombs 

and the 3 loadings of MIL-A-8591  C    If the maximum weight is  reduced to 

2500 lbs, a lighter design is warranted. 

When these racks are carrying bombs, the racks are pivoted away 

from the legs at about a 45° angle. After releasing its bomb, each rack 

except the upper ones, swings downward between the legs  to clear the drop 

15 
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p«th of tht bombt «bov«.    A detent spring on each bearing block helps 

to hold the rack in this retracted position.    To prevent the rack from 

moaientarily twinging very far past this position,  bumper springs were 

added later at shown on Drawing 65F3328.    (Since 1095 spring steel wes 

not on hand, grade 200 maraging steel was used). 

3.    The sway bracet  (Figure 6) are an unusual design in which the 

longer arms carrying the pressure pads that contact the bombs are ad- 

justable for length.    They are extended for the 30 Inch diameter bombs, 

end shortened  (total of k positions) for the small diameter bombs. 

A notch in these arms interlocks with the bomb rack, so that both the 

sway brace and bomb rack are free to retract as soon as the bomb is 

releeted. 

Bumper springs similar to those for the bomb rack have been 

provided. 

These sway braces are quite heavy (93 lbs each).    With the 

reduction in weight of the bombs from ^500 lbs to 2500 lbs each, a 

large weight  reduction can very easily be accomplished, probably to 

about 50 lbs. 

In use, the sway brace pads should be torqued to some value 

(to be determined during vibration tests at Kirtland Air Force Base) 

that will assure contact against the bombs  is maintained. 

U.    The loading adapter (See Figure 9) is the platform for sup- 

porting the clip-in during handling and transport by the MHU-7/M 

(or HHU-33/M) trailer.    The pick-up points are shown in Figure II. 

Two of the keying guide pins are 1.5  inches diameter, and the other 

two are 2 inches diameter so that the clip-in fits only one way.    How- 

*     /,   if desired,  the plates holding these pins may be interchanged. 

16 



The two hold down clampi are for safety during transport. 

The clip-In and adapter have a combined height of 70.57 Inches, 

and were design^ to go under the open bomb bay doors of the aircraft 

at 72 In. clearance. Reduction of this combined height Is not recom- 

mended as the vertical clearance between bombs Is as small as 0.7 Inch 

on the 20 Inch diameter stores (assuming the sway brace pads are per- 

fectly adjusted) and the middle section of the adapter Is as shallow as 

practicable. 

Use of the adapter for cradling and carrying loose bombs Is not 

Intended due to the shall middle section. 

As future bombs are now estimated to have a maximum weight of 

2500 lbs each, an appreciable weight reduction could be effected on 

this adapter. 

5. The loading stand (Figures 12, 13 and 14) Is an aluminum alloy 

structure that may be dismantled to parts which are readily lifted by 

two men. The use of a hoist, lift truck, or scaffold Is necessary for 

assembly and dismantling. All Joints are numbered to avoid Incorrect 

assembly. 

When the MHU-7/M trailer is wheeled into place inside this 

leading stand, approximately 17 inch minimum working clearance is pro- 

vided on each side. 

The four stabilizing Jacks on the ends provide the necessary 

sway rigidity. Without these, the weight of the clip-in and bomb load 

should not exceed 5,000 lbs. 

17 
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SfCTION T 

TESTS 6 RESULTS 

I.    Adapter Assembly (65F?900)   (See Figure 9) 

Strain gages were mounted on each of the retractable  lifting 

arms and at   the center of the long sides as shown  in Figure  16.    See 

Table X for Load Data. 
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2.    Loading Stand Atsawbly  (66F3I00) (Saa Figura 12) 

Loads wtra appliad vartlcally downward on aach of tha ovar* 

haad cross baams, at tha clip-in suspanslon points.    Daflactton and 

strain raadlngs wara racordad as follows: 

TABLE H 

| Load par baam 
(lbs) 

!  Avg Strain 
(mlcro-inchas) 
at cantar of 

i    baam 

1  Avg Strass 
(ptl) it 

i   cantar of 
baa« 

Baa«   1 
Oaf1actIon 
(Inchas) 

2,000 115 1    1850 0.06   1 

Moo 212 3^00 

6,000 312 5000 

8,000 M)3 6500 

!   10,000 U92 7900 0M 

{   12,000 580 9300 

1   1 if, 000 665 10700 

|  * 16,000 7*»5 12000    1 0.78 

* This load of 16,000 lbs par baam raprasants 60 parcant of tha total 

safa load plus 1000 1be(- 0.60 x 25000 + 1000 - 16,000 lbs). 
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3.    Bomb Rack Assembly  (65F3328) 

a. As the two ejection cylinders were removed during conver- 

sion of the MAU-I2/A rack to the design for this clip-in, bleed holes 

were drilled In the closing plug for the sieve cylinder.    This bled 

off so much gas that effective release was not obtained.    Accordingly 

the holes were welded shut. 

b. Locked-sliut firing tests were conducted on each rack.    The 

first rack was instrumented with strain gages on the gas tube for re- 

cording the pressure developed. 

TABLE m 

1     Test Cartridge Locked Shut'          Remarks 
Peak psi 

j       1 

2 

Two - ARDiA6-1 

ii 

21750 

I9M)0 

18500 

22500 

Averatie time from 
ignition pulse to 
10% peak pressure « 
0.002 second 

3       i 

i 

Time from Iglnition 
pulse to 90% of peak 
pressure was 0.022 
to 0.025 second 

c. One dummy store  (30 inch diameter) was  loaded vertically thru 

its center of gravity to a total weight of 20,750 lbs.    Then hydraulic 

pressure was applied to the cartridge cylinder, and gradually increased 

until   release   suddenly   occurred at 16,500 psi. 

d. As the release linkage had not been changed during our modi- 

fication of the bomb rack, and future use will   involve stores of consider- 

ably less weight,  the bomb rack actuation was considered satisfactory. 

22 



k.     Clip-In 

a. The first test, which resulted  in failure of a weld at the 

narrow upper section of one  leg,  where the channel  extension begins, 

was made by Inserting a hydraulic Jack between the lower ends of a pair 

of legs formed by the inverted U structure.    Strain gages were located 

approximately at positions 2 and h of Figure 17«    The weld broke at 

b800 lb load (25500 psi  on the strain gage).    The failure was repaired 

by chipping out  this weld on each of the k legs,  rewelding and then 

welding a 0.25  inch thick cover plate over this area.     It  is character- 

istic of the maraging steel  used fot  the clip-in that this repair work 

plus a subsequent heat treatment the same as originally applied,  re- 

sulted   in such negligible warpage that straightening was  not necessary. 

b. The second test was preceded by a stress coat analysis of 

the critical areas  (Figures  17 and 18) with the loads applied through a 

30  inch diameter cylinder at an angle equal   to the resultant of the 

vertical  and horizontal   g loadings used   in the design calculations. 

Six strain gages were then mounted as  indicated  In Figure 18, which are 

areas  of maximum strain as   indicated by  the stress coat. 

c. The load test as shown In Figures  19 and 20 was then made, 

up to about 75 percent of the maximum loads used  in the design calcu- 

lations.    These loads  resulted  in deflections which reached the clearance 

limit of our test stand structure and also which would  result In Inter- 

ference  inside the aircraft.    The strain gage  readings are given  in 

Tables   IV and V and the deflections  In Table 3EI and Figure 21. 
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FIGURE 20 

APPLICATION   OP LOADS FOR 
TEST  OF CLIP-IN ASSY 
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d.   Similar tests on the removable center leg are given in 

Table VII and the deflections  in Table IZTEL and Figure 22. 

a.    Notes on loading used in strain gage test follows: 

Load B was applied by a pair of hydraulic jacks at approxi- 

mately a 15 degree angle.    This angle comes from the resultant of 5.39 

g vertical  load and 1.5 g horizontal  load. 

Load A was also appl ud by a pair of hydraulic Jacks, but 

in a vertical direction due to available clearance thru the top of the 

clip-in. Neglecting the horizontal component in this case had a minor 

effect on the stresses as  its moment arm was relatively short. 

For 100 percent loads as used in the design calculations, 

the g loadings were further  increased by a factor of 1.2.    This allows 

for the 60 to M) percent division of the e.g. of the store being closer 

to one leg of the clip-in. 

The load tests of the outer legs were made using the two 

dummy stores with each loaded about equally.    The design calculations 

showed that two ^500-1 b stores mounted on the outside legs produced the 

maximum stresses, making the estimation of percent of Maximum Design 

Stress a simple ratio of loads.    However, three 20G0-lb stores mounted 

on the center removable leg produced the maximum stresses.    Since only 

two stores were used in these tests, the estimation of the percent of 

maximum design load for the center leg under the various test loadings 

is as follows: 

From Appendix X, Calculations, paragraph X, page 51, stores 

numbers k, 5, and 6 have a total bending momfent of 859,000 inch lbs, all 

the moments being positive in this case.    The moment is distributed 60 
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to 40 percent,  so that one leg is subjected to 515,400 inch-lbs bend- 

ing moment. 
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Resonant Frequency Tests 

With the 30-inch diameter dummy store  (1750 lbs weight)  in the 

lower position on the outer  legs  (no other stores,   racks or swa/ braces) 

resonance was at 21.U cycles per second. 

The above frequencies were determined by  recording the output from 

a strain gage,  position I,   Figure 18, with the  resonant vibration  ini- 

tiated manually.    Secondary  frequencies were quite low. 

A similar test on the center leg, with an  18-inch 900 lb store  in 

the extreme upper position,  and a 30-inch  1750 lb store in the lower 

position,  resonance was 6.0 cycles per second. 

•■;. 
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SECTION VI 

OPERATING RECOMMEND/TIONS 

The system Is designed for use as follows: 

The dip-In, either empty or loaded to Its capacity, may be 

placed on the loading adapter and transported by the MHU-33/M trailer. 

This combination will go under the bomb bay of the B52 aircraft with 

approximately 1 inch clearance. 

To load the stores, the clip-in must be suspended from the 

Loading Sfand (65F3100) with n MAU-6A rack as the supporting member. 

The quantity and location of the bomb racks and sway braces vary with 

the sice of the stores, according to the table on Drawing 65F3315. 

Also shown in this drawing are the electrical cables for each store. 

It is intended that SAC inventory handling equipment be utilized 

for transporting and loading the individual stores into the clip-in. 

stores Into the clip-in. 

The bomb racks are operated the same as the MAU-12/A racks, 

and therefore the Instructions for their use need not be repeated here. 

The major differences are: 

1. The ejection cylinders were removed. 

2. The gas lines were sealed adjacent to the orifices for 

the ejection cylind« ts. 

3. The method of mounting the racks In the clip-in uses 

trunnions and bearings whleh permit them to retract from the drop path 

of the stores above. 

The sway brfi« -^ «r:e adjustable to four lengths. The proper 

length for eacl' 3tw •:<» ii«r-'ter is also giver, on Drawing 65F3315. 
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The pads will   require a predetermined torque  in  tightening,  probably 

variable with the weight of the store, which has not been specified 

due to the limited testing by Rock Island Arsenal.    Each sway brace 

should be interlocked with its  respective bomb rack as the store  is 

brought   into position and latched  into the bomb  rack hooks.    To a 

limited extent,  the nominal  spacing between adjacent stores   is adjust- 

able by the sway brace pads. 

During loading tests at Kirtland Air Force Base,   it was 

>  »inted out  by the loading crews  that  they are required to visibly check, 

rrom the ground,   that  the clip-in  is securely  latched  into the aircraft. 

This  requireme-•• was new to the design personnel.    On the present clip- 

in,  the stc .^npletely obscure the latching area, making such a 

visible check impractical.    No quick and easily applied modification to 

correct this  is apparent at this time. 
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SECTION HI 

CONCLUSIONS S RECOMMENDATIONS 

Th« design of th« items furnished under this contrect hes quite 

closely followed the criteria set forth in the MIPR, the layouts fur- 

nished by the Project Officer at Kirtland Air Force Base, and the verbal 

suggestions submitted intermittently- The system has been fit checked 

in a B52 aircraft and several flight drop tests mad«. Functioning has 

been satisfacto'y- 

The outstanding features which have been demonstra*-^ by this clip- 

In include: 

1. The increased capacity possible with the inverted "U" 

des i gn. 

2. The adaptability of one clip-in design to accommodate a 

wide range of store sizes end quantities. This will have a marked effect 

on minimizing the number of items to be carried in the equipment inventory. 

3- The loading and handling equipment will require only two 

new items — a loading stand and an adapter for transporting the clip-in 

on the trailer. 

'♦. The small amount of warpage and the high strength obtained 

in maraging steel. 

Subsequent to modification of the first eight bomb racks. Rock 

Island Arsenal was informally requested to consider other means besides 

cartridges for actuating the bomb racks. Previous tests had required 

a hydraulic pressure of 16,500 psi on e piston diameter of 0.610 

inch, with a powered stroke of about 0.06 inch. This represents approxi- 

mately J+OO inch lbs of energy. To obtain this, a solenoid weighing 



about 20 lbs would be required, plus a toggle arrangement to operate 

the over-center release system of the bomb rack. 

Also discarded were several stored energy schemes because of the 

Inherent danger of accidental release. An electrical a.c. linear motor 

(similar to a solenoid with multiple coils and a long plunger) also could 

not furnish sufficient energy even on a I-second intermittent rating. 

Since a pneumatic or hydraulic system is incompatible with the power 

available to the clip-in, no alternate method of activation appears 

practical. All this indicates that a fully contained propellent cart- 

ridge* is probably the best method. 

* The "Telecartridge" produced by Aircraft Armament, Inc. Cockeysvilie. 
Maryland. 
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APPENDIX 

UNIVERSAL CLIP-IN CALCULATIONS 

I.    Stores Position 

20 IN. DIA 
2500   LB 

APPROX.    STORES    LOCATION 

AND   CRITICAL     SECTIONS 

14    IN. DIA 

1200   LB 
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IT.    lo»4t • PT MIL*A'8591-C. for Fus«liqe Mounted Stores 

Sideways 
(ny) 

Vertical  - up 
(«^ 

Vertical  - down 

Fore t Af t 
("x) 

Pitching 
( ) 

± I  G      (over 3500 lbs) 
i 1.5 G (over 3500 lbs fr less) 

2 G     (over 3500 lbs) 
3 G     (3500 lbs fr less) 

5 G     (over 3500 lbs) 
7*5 G (3500 lbs S. less) 

t 1.5 G (over 3500 lbs) 
± 2 G     (3500 lbs S less) 

1 2.5   Rad/S*e^ (over 3500 lbs) 
t 6       Rad/Sec    (3500 lbs & less) 

in.'    Est. Effect of Pitching Accleration 

Torque ■19 Where 1 is assumed as follows: 

Length Diam Weight X(Slug-Ft ) 

9».l 
116.8 
\kS.0 

18.2 
23-3 
30 

1200 
2297 
^500 

U500 

For ^500 lb Store 

Torque - (1800)(2.5) - ^500 ft-lbs 

Lug Reaction for 30 inch centers    •   s^ 

■ 1800 lbs    Vertical 

■ 0.M) G to be added to * nz 

For 2500 lb Store (Est. 1 ■ 300) 

Torque    -    (300)(6)    »    l800 ft-lbs 

Lug Reaction for 30 Inch centers    ■    «j-T' 

■ 720 lbs Vertical 

■ 0.29 G to be added to ± nz 

80 
276 

1800 

Uk 



For 1200 lb Store 

Torque - (80) (6) - U80 ft-lbs. 
^80 

Lug Reaction for l** Inch centers ■ ]U-]/2 

m   k20  lbs Vertical 
■ 0.3U G to be added to ± n 

UT. Bending Moment at Section A-A 

For 30 Inch Diameter Stores 

Upper Store - Side Load • {kSOO) (1) (17-25)  - 
Vert Load « (^500) (5.M)) (5-5) - 

Lower Store - Side Load ■ (U500) (1) (US.35)  ■ 
Vert Load « (U500) (5-^0) (4.25) ■ 

Total for front and rear legs 

Assume CG. of store Is off-center so one leg 
carries 60% of load. 

Bending Moment - (.6) (532,200) > 319.300 in-lbs. 

For 20 Inch Diameter Stores 

Upper Store - Side Load « (2500) (1.5) (12.1) s 
Vert Load s (2500) (7-79) (-88) = 

Middle Stores Side Load ■ (2500) (1.5) (32.83) s 
Vert Load = (2500) (7-79) (0.00) = 

Lower Stores -Side Load s (2500) (1.5) (53-63) a 
Vert Load s (2500) (7-79) (-88) = 

Assume CG. of store is off-center so one leg 
carries 60% of load. 

Bending Moment « .6(369600) ■ 221.800 in. lbs. 

For 14 Inch Diameter Stores 

Upper Store - Side Load • (1200) (1.5) (11.00) 
Vert Load s (1200)(7.5 + .34)(2.50) 

#2 Store    Side Load s (1200)(1.5M25-73) 
Vert Load « (1200)(7.5 + .34)(3.12) 

#3 Store    Side Load . (1200>(1.5) i^O.ky) 
Vert Load « (1200)(7-5 + .31t)(3.75) 

Lower Store - Side Load > (1200)(1.5) (55-20) 
Vert Load . (1200)(7-5 + -34)(4.38) 

Total for front and rear legs 
Assume CG. of store is off-center so one leg 

carries 60% of load. 

Bending Moment » .6(367700) ■ 220,600 in-lbs. 

77600 
133700 
217600 
103300 
532200 

45400 
17100 

123100 
0 

201100 
-17100 
369600 

19800 
23500 
46300 
29400 
72800 
35300 
99400 
41200 
357700 
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X>    Nnding Nomtnt at Section B-B 

Section B-B fells between the attaching points for the upper store, 
but the error Introduced by overlooking this will be quite small. 

For 30 Inch Diameter Storas 

Upper Stores - Side Load > (U500) (I) (13.25)            - 59600 
Vert Load ■ (U500) (5 + .^0) (14.35) - 353600 

Lower Stores - Side Load « (U500) (I) (Mt.33)            • 199500 
Vert Load • (^OO) (5 + M) (13-30) • 323200 

Total  for front and rear legs 

Assume CG. of store is off-center so one leg 
carries 60% of load. 

Bending Moment ■ 561,500 in-lbs. 

For 20 Inch Diameter Stores 

Upper Stores - Side Load - (2500) (1.5)  (8.0) 
Vert Load x (2500)(7.5 + .29)(9.89) 

Middle Stores -Side Load » (2500)(l.5)(28.7) 
Vert Load . (2500)(7.5 + .29)(9.0) 

Lower Stores - Side Load • (2500)(1-5)(49.4) 
Vert Load . (2500)(7.5 + .29)(8.12) 

Total for front and rear legs 

Assume 60% of load carried on one leg 

Bending Moment - 509300 in-lbs. 

For 14 inch Diameter Stores 

Upper Stores - Side Load > (1200)(l.5)(7.0) 
Vert Load a (1200)(7.5 +  .34)(6.75) 

#2 Stores           Side Load « (I200)(l .5)(21.73) 
Vert Load * (I200)(7.5 +  .34)(6.i2) 

#3 Stores           Side Load * (1200)(l .5)(36.46) 
Vert Load - (I200)(7.5 + .34)(5.50) 

Lower Stores - Side Load > (1200)(1.5)(51-19) 
Vert Load • (I200)(7.5 + .34)(4.88) 

Total  for front and rear legs 

Assume CG. of store Is off-center so one leg 
carries 60% of load. 

Bending Moment s 256900 in-lbs. 

935900 

30000 
192600 
107600 
175300 
185300 
158100 
8^8900 

12600 
63500 
39100 
57600 
65600 
51700 
92100 
45220 
428100 
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31.    Loads - On Hooks 

HOOK 

For 30 Inch Diameter Stores 

LOCATIONS 

Two Stores  - Side Load    .  (2)  (ViOO)   0) •      9000 
Vert Load    =  (2)  {kSOO)  {5M)    =    U8600 

Assume CG.  of store  is off-center so one hook 
carries 60% of load. 

Side Load    -  (.6)  (9000) s 
Vert Load    .  (.6)  (1*8600) 

For 20 Inch Diameter Stores 

Three Stores  - Side Load    - 3(2500)  (1.5) 
Vert Load    . 3(2500)   (7-79)      - 

Assume CG.  of store  is off-center so one hook 
carries 60% of  load. 

5^00 
29200 

11250 
58U25 

Side Load    -  (.6) (11250) 
Vert Lead    .  (.6) (58^25) 

I 6750 
35055 

*»7 

■ • 

- 



For 18 Inch Dlawf r Storw 

k,S StorM - Sid« Load    •   k.S  (2000)  (1.5)     • 
V«rt Load   P   k.S  (2000)  (7.79)    - 

AiftUM C.6. of store is off-c«nt«r so on« hook 
carrlM 60% of load. 

SI da Load 
Vart Load 

• •$ (13500 
• .6 (70110 

13500 
70110 

8100 
1*2066 

m.    Strass at Sactlon A-A 

25 

3.00 

i   .  (BH3-bh3)/I2    .      (5)(3)3 -  ('♦.50)(2.50)3/l2 

-    135 - 70.31 /l2   m   5-38 

M    ■    Bending Moment of 30  inch diameter stores 

- Bending Moment of load on hooks 
-    319.300 ♦ (5^00 + ?500)('*.8)-(29200 ■»■2500(5.i») 
«   319309 ♦ 37900 - 190,000 
i    167200 

Stress et A-A   «   ^   r    (167200)(1.5)/5.38 

•   ^6.600 PS1 

(*»^5) 

^8 



VTTT.    Stress at Section B-B 

3.50 

I .  (BH3  - bh3)/l? 

X=    ('+.5)(3.t=)3/l? -    ('4.0)(3.0)3 /I2 

X s  (192.9^ 0 I08)/l2 - 8^.9^/12 

I * 7-1 
MC 

Stress at Section B-B ■ -=? 

S  -  (S6I500)(1.75)/7.1 

S  «  138.^00 PS I 

^9 



TZ,    RgovabU Lto Po» It Ion 

18   IN. DIA   STORES  LOCATION 

The critical   condition for the removable leg  is when 

loaded with three 18 inch diameter stores as shown above. 

Also,  this   is  the critical  condition  for  the top part 

of the framework.    The  removable leg may also be positioned 

on the center line of the clip-In.    However,  this position 

does not provide any maximum loadings. 
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I. Bending Moment at Section D-D for 18 Inch Diameter Stores 

No. I Store - Side Load * (2000)0 .5)0 3.^)   ■ M)200 
Vert Load s (2000)(7.79)02.0)  s 187000 

No. 2 Store - Side Load s (2000)0 .SHB^-M   - 103200 
Vert Load z  (2000)(7.79)(I2.25) « 190900 

No. 3 Store - Side Load s (2000)(l.S)(5F.^0)  ■ 166200 
Vert Load s (2OOO)(7.79)(l?.50) a 19^800 

No. *♦ Store - Side Load s (2000)(1 .F)(l S-1*)   « '♦0200 
Vert Load s (2000)(7.79)(n-75) » 183100 

No. 5 Store - Side Load = (2000)(l .5)(3^.1«)   a 103200 
Vert Load : (2000)(7.79)(i1 .7^) = 183100 

No. 6 Store - Side Load 3 (2000)0 .SH^.M   - 166200 
Vert Load . (2000)(7-79)(H-75) » 183100 

TOTAL LOAD 642600 

Assume CG. of store Is off center so one leg 
carries 60% of load. 

Bending Moment ■ 385600 

Bending Moment at Section D-D for hook loads resulting from 
nine 18 inch stores 

Hook - Side Load a (8100) + 250 (1.5)  (?.15)« 26700 
Vert Load * (U2066) + 250 (7-79)  06) « -70U200 

Resultant Bending Moment on Section D-D  292000 

-.19 TYP 

4.25 

6.3 

I - (BH3 - bh3)/l2 -    (i4.25)(6.3)3 -3.88(5.93)3 /l2 

I -  (1063 - 809)/l2 

I . 21.1 

XI.    Stress at Section D-D .  {HC)/l a  (292000) (3.15 )/2M 

- U3600  PS I 
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TTT. Approxliwf Leg Daflecttons 

ujiummLuim 
i rTl 

11.68 

i 

l M 

82.89 

54.48 

42.73 

•P2 

FIG   A 

An approximation of the deflections of the legs can be made 

by approximating the leg configuration of 65F30S9 by that of 

Fig. A. 
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Deflection of Leg  (Formula) 

El S-?    -  -M + PX 

El 
^ 

PX 
•MX + ^-   + Ci -   0<  X <l .2 

cry      _      "MX PX ,   r   v    .    r CiT      -        A        +  -T—     +   C.X  +   Cp 

AT    X  ■ 0,   Y  ■ 0,  g^    -    0,      /. C,     «  Cj  .    0 

EI£X ■ 
dx 

-M + PX + Pi   (X -  1.2) 

El p.    =    -MX + fl-   +    P|(X -   1.2)2    + C, 
dx 2  s  3 

Ej-Y    _.    Mxi   +    PX3    +    P,(X-1.2)    + C3X + Ci, 

2 

(-1 

T 

-     1.2     x    11.63 

C3 :    C^    =    0 

El 1^.    z     -M + PX + P, (X  -1 .?)   -  P?(X   -  11 .63) 
dx? 

P 1 \A  -' 'r-f   -  ^2{ 

El   %L    .  -MX + ^+ P^X -  1.2)2 -  P2(X - 1I.63)? + Cr dx 

r3 B./¥   _   1    9\3 EIY.-   MX    +    px3+   P^X- 1.2)3    _ p?(x_ ,,.63,3^ > 

- 11.63^X 
X<32.33 

Cr     «    Cg»    0 j 

EiO_ s    -M + PX + P^X -  1.2)  - PgCx - 11.63) + P^X - 32.33) 
dx 

El ^    r -MX + PX' 
dx + Pi   (X -.^1.2)2 - P2(X-H-63)2 + P^X-32.33)2 + c 

EIY . -MX^ ^PX1,P,(X- 1.2)3 . P3(X-n.63)3   + r, (X - 32.33)3 + r X + C 

C7 r C8    : 0 

.2 

B       7       U8 

32.33<X<^.73  

EI ^ ' "M + PX + PI(X ' ''^  " P2(X "  ,,-63) + Pi(X - 32.33)  - P2(X - 1*2.73T 

EIY » -MX2   + Px3 + p (x - I.?)3 . p ry - 11 e.i\* , .3 
"2~       -j-       P ;        p2^x " I'-oB)    4 p^x - 32.33) 

-    ?o(X - ^2.73)3 
+C9X +C10 

c9 = C|0 = 0 
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EXY x -HX2 + PX3 + P. (X -  1.2)3 + P2(X - 11.63)3 + Pi (X -  32.33)3 

T 
Maximum Forces on legs 
Bomb Rack - Side Load ■ 

Vert Load • 
Sway Brace   Side Load • 

Vert Load • 

(3^710) (.738) • 25600 
(3^710) (.679)   . 23600 
(2771*0) (6950)   > 26M)0 
(277M)) (.311)   • 8600 

P 

M 
M 
H 

* 52800 - 51200 ■ i^nn ■ P 

P;'(X ^2.73) 
T  

3 

2P2 - 2P, 

(25600)(1.2) - (26M)0)(II.63) + (25600)(32.33)  - (26U00)  (it2.73) 
(25600) (33.53) - (26M)0) (5'*.33) 
858^00 • W300 > -575900 - M 

AT X ■ S*».^ 

MX?/2 . (575.    . 
Px3/6 - (1600) (5'» 
MX2/2 ■ (575900) (5i*.i+?)2/2 * 853,71'*,200 
PX3/6 - (l600)(5'».'*5)3/b       -   U3,0^8,900 
P, (X i 1.2)3/6 - (2«;,600)(5'+.^5 - 1.2)3/6 ; ^,239,200 
PP(X - 11.63)3/6 . (26^00)  (i+3.3't - ll.63)3/6 - IWSSSOO 

P|(X - 32.33)3/6 - (25600) {5hM - 32.33)3/6 - ^6178500 
p2(X - ^2.73) /6 • (26^00) {5^M - '♦2.73) /6 • 7082900 

EIY • U7,278,600 E « 27.5 X lO5 

•-5.0 — 

I  -    ('♦.^)(5)3 - (^.06)  ('♦.63)3 + .06(5)3 + (0(3.25)3 - (l)(2.5)3/l2 

I  » (555 - ^03 + 7.5 + 3^.33 - 15.62/l2 . lM 

Y . (^73 X I06)/   (27-5 X I06)  (1^.9)     - 1.15  Inch 

Y . 1.15   Inch 

5^ 



TTTT.    Stress on Channel 

CHANKEL   LOCATION 

30 IN. DIA STORE 



TYP  SECTION OF CHANNEL 

I -    (.25)(5)3 + (1)  (3.25)3 - (I)(2.25)3 /«2 

I- (31.25 + 3U.32 - n.39(/12 

I - ^.52 

Maximum Bending Moment on Section 

A-A . (3U7!0)  (.738)  (5) • 128,100 

Bending Stress  s MC/L 
• (128.100) (2.5)A.52 
■ 70,900 PS I 

Maximum Bending Moment on Section 
C-C • (277M))  (.9?0)  (I) - 26350 
Bending Stress  a MC/E . - 

• (26350)  (l/M/l/12 W   (1/2)3 

" '58100 PS I 

Maximum Shear Stress on Pins ■ P/A 
s 23600/A 

. 23600/ (U) (.196) 

8 30100 PSI 
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xiv.    Removable Leg Bending &■ Shear Stress 

Also, see Page 8 for  removable  leg mounted  in clip-in framework.     Channel 
stresses  for the removable  leg are less  than  for framework legs. 

Bending Moment at Section A-A s B-B for  18  Inch Diameter Stores 

Upper Store - Side Load r  (?000)  (1.5)  (13.M : u0200 
Vert Load .  (2000)  (7.79)  (11.75) = 183100 

Middle Store - Side Load s  (2000)  (1.5)   (3^.^) > 103200 
Vert  Load .   (2000)   (7.79(   (11.75) • I83IOO 

Lower Store - Side Load .   (2000)  (1.5)  f55.M = 166200 
Vert  Load .   (2000)  (7-79)  (11.75) x 183100 

Totnl   for Front and Rear Legs 858900 
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I -   2(.25)(9.75)3 + 1(3.25)3 - I(2.53) /l2 

- M.25)(.50W.252) - '♦(.25)(.50)(2.75)? 

I . WIM * 31*.1* - I5/6)/l2 - 9-03 - 3.8 

I - i*0 - 9.03 - 3.8 

I • 27.35 
S - MC A 

S - (515300) 0*.88)/27.5 

S ■ 9t.M»0 PS I 

XL    Strt» D«f rmlnatton for Bolt fr Holes Which Connect Leg to Framework 

It  fs reasonable to assume that the shear forces are proportional 
to the distance of the respective bolts from the centrold. 

5T5 % I 
FI    -    H-   F2 Fl   *    '72      F2 

■5 IT u-5 

'♦('♦.SFg) ♦ '♦(3.2)  (.72F2)  • 515300 

27.2F2 s 515300 

Moment Force - Fg    : 18.900 

Stores Force Side * (2000)  (1.5)   (.6)  (3) «    5^00 
Vert > (2000)  (7-79)   (.6)(3) . 28000 

Maximum Force per bolt   <   23000 

Shear Stress    ■ P ^  23000 
A     "TT" 

<   ?7?M PS' 

Bearing Force on metal    : P 
Ä 

>    23000 
< (25{.5)(.25) 

< 92.000 PS I 
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Assume CG.   of store   is off-center so one  leg carries 60% of  load. 

Bending Moment  • 515300 

9       I 
/I 

1 6.0 
SECTION   B-B 

I • (3)(5)3 4 I(3.25)3 - (2.56)(i4.63)3    - 1(2.5)3/l2 

I- (375 + 3^-3 - 25^.1 - l5.6)/l2 

I - 139.6/l2 

t • 11.63 

Btndlnq Stfs» on S»cttPfi B-B 

S > MC/E       (515300) (2.5)/n.63 
S      110.800 PSI 

a eza '//////////////// r///////#//#/i I r#// 

1 

! 
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£   Fx z 0 = F^j cos 8   - F^ cos ^   " F3 cos P   " F0 
cos ^ 

^  F    a  0 s-FN slnf  + F.  sin«r + F« sinp  + F    sin^ 

C MF    = 0 = aFA - bP( nFk 

Solving for Fg  In terms of  F^ 

FB    =-KFN 

Where K is a constant.    Since Fg and F^ cannot be equal   to zero,  they 

cannot  occur at the same time.    Therefore,  there are two cases,  they are: 

(I)    When F      Is acting upward,  Fg ■ 0 

(ll)    When Fy    is acting downward,  F^ : 0 

Using these conditions  In the above moment and force equations,  yields, 

Case I: 

A sin («< -r) 

.    Fg sin  {<* -^) 
N '       sin H-r) 

and from Figure 3, 

FC m    FN    "    FR 

Case Jp 

F    =    -FpSin jjrj) 
A sin (o< - ß ) 

F    .    -FQsin H-4) 

Sin (<*'?) 

and from Figure 3, 

(3) 

CO 

(5) 

(6) 

(7) 

(8) 
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Weight of 30 Inch diameter store- 

CASE I 

-J+SOO lbs. 

CASE n 

Condition 1 Condition 2 Condition 3 Condition k 

4,500 lbs.        - 4,500 lbs. 

10,800 lbs. 10,800 lbs. 

4,500 lbs 

24,300 lbs 

- 4,500 lbs 

• 24,300 lbs 

Angle Degrees Sine Cos 1ne 

«< 56640' .83549 •54951 
P M'SZ' .23966 .97086 
r 44,57, .70649 •70772 
♦ 20o40« •35293 •93565 

*'P 42048' .67944 -- 

«f-r 11° 43« .20307 mm 

r-P 21° 7' .36027 -- 

«(-♦ 36° 0' .58778 -- 

r* 24°!7' .41125 — 

*-ß 6048' .11840 mm 

Lever Arms: a r 10.978 

b s 2.211 

c =    7.680 

CASE I CASE H 
Condition 1 

(lbs) 
Condition 2 

(lbs) 
Condition 3 

(lbs) 
Condition 4 

(lbs) 

FR 28.433 20,710 - 51,424 - 59,148 

^0 
FA 
FB 
FC 
FN 

26,316 

53,294 

0 

47,738 

76,171 

10.855 

21.983 
0 

10,709 

31,419 

- 34.087 

5,939 

29,485 
51,424 

0 

- 49.548 

0,634 

42,864 

59,148 

0 

TABLE I 

Bomb Rack and Sway Brace L ads at C.B. 
of the Store 
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"^ .mvü-A 

Case  1 Case 11 
Condition 1 

(lbs) 
Condition 2 

(lbs) 
Condition 3 

(lbs) 
Condition 4 

(lbs) 

FRJ 16,882 12,297 - 30,533 - 35.119 

FR,2 11,551 8,413 - 20,891 - 24,029 

FC.l 28,643 6,425 30,854 35,489 

FC,2 19,095 4,284 20,570 23.659 

FN,I 48,356 19,946 0 0 

FNf2 27,815 11,473 0 0 

Fo,l 15,625 6,445 20,339 29,419 

Fo.2 10,691 4,410 13,848 20,129 

Fo,A 16,706 6,891 21,639 31,455 

Fo,B 9,610 3,964 12,448 18,093 

FA.l 33,833 13,955 3,770 5,481 

FA.2 19,443 8,020 2,167 3,150 

FBJ 0 0 18,718 27,211 

FB,2 0 0 10,757 15,638 

TABLE H 

Bomb Rack and Sway Brace Loads 
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UNIVERSAL CLIP-IN 

SWAY BRACE AND BOMB RACK FORCE CALCULATIONS 

iBygfwy g 

Fv          \ 

'H       / 

Figure I 
Assembly 

Figure 2 
Sway Brace 

Figure 3 
Bomb Rack 
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Figure h 
Store 

Summing the forces   in  the X and Y direction for Figure  I   yields, 

^Fx = 0 = FR    cosr  -  FoCos4   +FH 

^FY«0«-FRsinr+F    sin^  + Fy 

Then  solving for  Fj^ and F0  in   terms  of  F^ and  Fy, 

F    a    
FH sin» 4 Fy cos.» 

R sin (r-t) 

Fo  -    FH sinr -H Fv  cos< 

Sin  (r -4 ) 

(1) 

(?) 

The force and moment equations for the sway brace (Figure 2) are, 

6*4 



Figure 5 
Bomb Rack 

The values  In T«ble I are computed at the center of gravity of the 
store.    For further calculations  It Is assumed that the loads on the 
store's lugs have a 60-M) percent distribution.    That  is, the C.G. of 
the store Is  located 12 Inches to the right of FCj    and 18 Inches to the 
left of FQ 2* 

G i ven: d r 32.00" 
f * 30.00" 
h m 20.25" 

Figure 6 
Sway Brace 

Fo,A : 

Fo,B = 

f(FA,l,  FBJ, ^N.l) 

f(FAt2.  FB,2. + FN.2) 

The solution for the forces in Figures 5 and 6 may be seen In 
Table II. 
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